Agrobacterium tumefacien8 initiates specifically the crown-gall disease of plants. Relatively little is known about the metabolic characteristics of the bacterium since most of the biochemical researches have been concerned with the tumour tissue itself (Klein & Link, 1955) . Vardanis & Hochster (1961 a, b) have studied the nucleic acid and glucose metabolism of the bacterium. A study of its nitrogen metabolism has been undertaken in this Laboratory to try to elucidate the mechanism and biochemical aspects of tumour induction.
The requirement of molybdenum in nitrate assimilation is specifically due to its involvement in enzymic nitrate reduction. This element has been shown to be the metal component of nitrate reductase from Neurospora (Nicholas & Nason, 1954a, b) , soya-bean leaves (Nicholas & Nason, 1955a; Evans & Hall, 1955) . Escherichia coli (Nicholas & Nason, 1955b; Taniguchi & Itagaki, 1960) and P8eudomonas aerugrno8a (Fewson & Nicholas, 1961) , and to undergo a reversible oxidation-reduction from the 5 + to the 6 + oxidation state during enzyme action (Nicholas & Stevens, 1956; Fewson & Nicholas, 1961) . The present results on growth and nitrate-reductase activity under conditions of tungstate inhibition and molybdenum deficiency indicate that molybdenum is required for the nitrate metabolism of Agrobacterium tumefacienm also.
MATERIALS AND METHODS
Cultural conditions. Agrobacterium tumefaciens (strain B6) was grown in modified Czapek-Dox medium (Salle, 1954) In molybdenum-deficiency studies the inorganic salts were purified by the 8-hydroxyquinoline co-precipitation method (Hewitt, 1952) . Sucrose solution was made metalfree by treatment with Dowex 50 (H+ form). Ferric chloride at a final concentration of 10 rM, and manganese sulphate, zinc sulphate and copper sulphate at 0.1 ,M, were added to the purified medium (stock solutions 100-fold concentrated were used). Molybdenum and tungsten were added as sodium molybdate and sodium tungstate respectively. All chemicals used were of analytical grade.
Nitrate-reductase assay. For enzyme assay the washed cells were suspended in glass-distilled water, frozen (at -20°) and thawed twice, and the suspension was then used as an enzyme preparation. The reaction was stopped by the addition of 9 ml. of ethanol to the reaction mixture (3 ml.), the mixture was centrifuged and nitrite was determined in a portion (1 ml. diluted to 3 ml.) by the addition of 1 ml. of 2% (w/v) sulphanilamide in 3N-HC1 and 1 ml. of 0-02% N-(l-naphthyl)ethylenediamine hydrochloride. The red colour was read in a Klett-Summerson photoelectric colorimeter with a no. 54 filter (A-520-580 m,u) (Snell & Snell, 1959) . The curve was linear in the range 0-90 pmmoles of nitrite.
Determination of Mo5+ ions. To 1 ml. of the uncentrifuged broth were added 1 ml. of 20% (w/v) KSCN and 1 ml. of lON-H2SO4. After 10 min. the colour was extracted with 5 ml. of pentanol and read in a Klett-Summerson photoelectric colorimeter with a no. 47 filter (A 445-505 m,u) (Snell & Snell, 1959) .
Menadiol. Menadiol was prepared by the method of Fieser (1940 Inhibition of growth by a deficiency of molybdenum. The results presented in Table 5 show that molybdenum is essential for the growth of the organism in nitrate medium. The addition of molybdate to the deficient medium increased growth by about 250 %. A concentration of about 0-1 mm-molybdate appeared to be optimum. Higher concentrations tended to exert a depressing influence.
Nitrate-reductase activity under molybdenum deficiency. We have observed that the nitratereductase activity in this organism was dependent on menadione. In this respect it resembled the nitrate reductase reported in E. coli by Wainwright (1955), Medina & Heredia (1958) and Heredia & Medina (1960 menadiol no nitrite formation could be detected under the conditions of assay. Electron donors like reduced nicotinamide-adenine nucleotides and flavins had no effect on the system. The enzymic activity assayed with chemically reduced menadione is given in Table 6 . A deficiency of molybdenum caused an appreciable decrease in the specific activity of the enzyme. The total activity was also increased about sevento eight-fold by the addition of molybdate to the deficient medium. The activity of the preformed enzyme was unaffected by the addition of molybdate or tungstate to the assay system. 16 DISCUSSION Higgins, Richert & Westerfeld (1956a, b) (Takahashi & Nason, 1957 Vol. 88 241 Takahashi & Nason (1957) , who also observed the same ineffectiveness of tungstate in inhibiting nitrite formation, ascribed the effect when added to the culture medium to the action of tungstate in the replacement of molybdenum in the enzyme protein. Recent reports (Keeler & Verner, 1957; Bulen, 1961) , however, seem to suggest that tungstate competitively inhibits the uptake of molybdate but does not inhibit the enzymically functional molybdenum in the preformed enzyme; in other words, tungstate competes with molybdate in the uptake process rather than with the functional molybdenum. Decreased growth and nitrate-reductase activity under molybdenum deficiency have been reported with Neurospora and A. niger (Nicholas, Nason & McElroy, 1953) , and P. aerugino8a (Fewson & Nicholas, 1961) . Our results show that the addition of molybdate to the deficient medium resulted in increases of growth to the extent of 250 %. This was followed by a concomitant increase in the nitrate-reductase activity. The addition of molybdate to the deficient cells failed to increase the enzyme activity. This has been a general observation in all molybdenum-deficiency studies and suggests that the element plays a role in the synthesis of enzyme protein. 2. With anmmonium as the sole nitrogen source this inhibitory effect was not observed.
3. The effect of tungstate could be completely reversed by the addition of molybdate to the culture medium.
4. Deficiency of molybdenum depressed the growth of the organism in nitrate medium. The nitrate-reductase activity was also depressed by the deficiency.
